River, Yarlung Zangbo River, Irrawaddy River and Qinghai Lake (Cao et al., 1981) .
106
As the extreme environment of Qinghai-Tibet Plateau, the mitochondrial genome 107 is well suited for analysis the phylogenetic relationships for that energy metabolism, 108 depending on the mitochondria, is the most apparent response to the adaption to 109 hypothermia and hypoxia. And then, length of the sequence is necessary for maximum 110 likelihood analysis to clarify interrelationships amongst long-diverged groups on 111 account of that ML trees converge to the true tree as the number of sites approaches 112 infinity (Rogers, 2001) , and the general length of mitochondrial genomes is 1.6kb, in this study to avoid the possible differences.
124
Their special living environment makes them form the characters which are 125 highly adapted to hypothermia, hypoxia and high radiation. As for those characters, The overwhelming majority of experts agree with that the speciation of three 
Materials and methods

205
Taxon sampling and DNA extraction 206 We employed 254 mtDNA sequences (table 1) belonging to 11genera of subfamily 
232
Sequence editing and analysis 233 The RAG1 gene sequences were assembled using Contigexpression v9.1.0 software 234 and aligned by online MAFFT version 7 (http://mafft.cbrc.jp/alignment/server/), and 235 then carefully checked by eye and edited manually in MAGE 6.0.
236
We used 12 protein-coding regions of mtDNA for sequence analysis, which the 237 genes were encoded on the heavy-strand. Then the indices of substitution saturation 238 for these sequences were estimated using DAMBE 5 software with the GTR model 
246
We used 12 protein coding regions to phylogenetic analysis, which the genes 247 were encoded on the heavy-strand. The ND6 wasn't included in the analysis because 248 this gene was encoded on the light-strand that was different from the 12 genes. All of 249 these sequences were aligned by online MAFFT version 7, and corrected by eyes. A 250 few parts were ambiguous that were excluded. We also removed start codons, stop relaxed clock and GTR+G+I model. We used "Speciation: Yule Process" to run 272 500,000,000 chains. The calibrated nodes and constraint were as followed: basal to 
276
Results
277
Mitochondrial genomes features
278
A total of 254 mtDNA and 106 RAG1 sequences were obtained after manually editing, 
296
Phylogenetic analysis
297
The maximum likelihood trees inferred from mitochondrial genomes of Cyprinidae 298 were almost the same, only ML tree based on GTRCAT model was shown in Fig 2   299 (C), which was consistent with the Bayes tree Fig 2 (A) . Similarly, the ML trees of 300 RAG1 gene were almost the same, ML tree based on GTRCAT model showed in
301
Fig 2 (D) was also consistent with BI tree (Fig 2 B) . The trees based on RAG1 gene 
345
Both two molecular datasets were inconsistent with the conclusion of morphology, 
365
Red stars in figure E represented individuals that might be incorrectly classified, while in figure F red 366 stars and yellow stars represented genera Ptychobarbus and Gymnodiptychus.
367
The Schizothoracinae was comprised of 11 clades based on 12 protein-coding 
377
Gymnodiptychus clustered together as monophyly that originated from Diptychus.
378
Primitive schizothoracinae was monophyletic group whereas these species of three were paraphyletic based on complete mitochondrial genomes (Zhang J. et al., 2016) .
391
On the other hand, based on RAG1 gene (Fig 3 F) , genera in highly specialized grade Our analysis of phylogeny of schizothoracinae was also different from other 
